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Abstract Nitric oxide (NO) triggers multiple signal
transduction pathways and contributes to the control
of numerous cellular functions. Previous studies have
shown in model organisms that the alteration of NO
production has important effects on aging and life-
span. We studied in a large sample (763 subjects, age
range 19-107 years) the variability of the three human
genes (NOSI, -2, -3) coding for the three isoforms of
the NADPH-dependent enzymes named NO synthases
(NOS) which are responsible of NO synthesis. We
have then verified if the variability of these genes is
associated with longevity, and with a number of
geriatric parameters. We found that gene variation of
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NOSI1 and NOS2 was associated with longevity. In
addition NOSI rs1879417 was also found to be
associated with a lower cognitive performance, while
NOS2 152297518 polymorphism showed to be associ-
ated with physical performance. Moreover, SNPs in
the NOSI and NOS3 genes were respectively associ-
ated with the presence of depression symptoms and
disability, two of the main factors affecting quality of
life in older individuals. On the whole, our study
shows that genetic variability of NOS genes has an
effect on common age related phenotypes and lon-
gevity in humans as well as previously reported for
model organisms.
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Introduction

Nitric oxide (NO) is one of the most widespread
signaling molecules in nature. By interacting with
different intracellular targets, NO triggers multiple
signal transduction pathways thus contributing to the
control of almost every cellular function (Liaudet et al.
2000). NO is produced during the oxidation of
L-arginine to L-citrulline by a family of NADPH-
dependent enzymes named NO synthases (NOS), with
three isoforms in mammals encoded by three distinct
NOS genes, named neuronal (nNOS or NOS1), induc-
ible (iNOS or NOS2), and endothelial (eNOS or
NOS3). Although all isoforms share a similar
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structure, the mechanisms that control their activity
are quite different. NOSI and NOS3 are constitutively
expressed and Ca>*/calmodulin-dependent, while the
inducible form (NOS2) is induced by inflammatory
stimuli and is Ca®"/calmodulin-independent (Forster-
mann and Sessa 2012). The activity of each of these
isoforms is fine-tuned by a variety of transcriptional
and post-translational modifications, which may also
influence the specific targeting of NOS to subcellular
compartments (Oess et al. 2006). Although all three
isoforms can be found in numerous tissues, the specific
cell type where NOS enzymes are located is of critical
importance in determining the specific outcomes of
the NO signalling pathways (Villanueva and Giulivi
2010). In neuronal cells NO, which is produced
principally by NOS1, functions as regulator of neuro-
nal transmission, cerebral blood flow and synaptic
plasticity thus acting as a neuromodulator and neuro-
protective agent (Calabrese et al. 2007; Feil and
Kleppisch 2008; Garthwaite 2008). In endothelial
cells NO, mainly produced by NOS3, acts as a
regulator of vascular homeostasis being involved in
the regulation of smooth muscle relaxation, and in the
inhibition of platelet aggregation (Kader et al. 2000;
Moncada and Higgs 2006). NO produced by NOS2
particularly in macrophages, is mainly involved in the
maintenance of the immune-inflammatory response
(Moilanen et al. 1997; Wink et al. 2011). The
biological effects of NO, however, largely depend on
the amount of NO produced. High amounts of NO or
its derivative reactive nitrogen species (RNS), such as
peroxynitrite (ONOO-), a highly reactive radical
produced by the reaction between NO and superoxide
anion (O,7), can trigger nitrosative modifications of
proteins, lipids and nucleic acids, which in turn may
impinge on cellular signaling pathways leading to
cytotoxicity, neurodegeneration, and apoptotic cell
death (Beckman and Koppenol 1996; Pacher et al.
2007; Calcerrada et al. 2011).

Oxidative stress is a well established hallmark of the
aging process and there is strong evidence for a causal
role of NO and RNS therein (McCann et al. 1998; Drew
and Leeuwenburgh 2002; Torregrossa et al. 2011).
Markers of nitrosative stress injury, such as nitrosyla-
tion and nitration of proteins, have been shown to
increase as a function of age (Toprakci et al. 2000;
Kanski et al. 2005; Kim et al. 2006). Moreover, a
growing number of studies indicate that the availability
and biological activity of NO is impaired during aging,
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and that this is a key contributing factor to the onset of
age related phenotypes such as vascular and brain
aging (van der Loo et al. 2000; Taddei et al. 2001;
Napoli and Ignarro 2009; Brown 2010; Kawamoto
et al. 2012). Although the enhanced production of O,~
that accompanies the aging process, as well as the age-
related depletion of some essential NOS substrates and
cofactors, may affect the amount of bioavailable NO,
an impaired activity and expression of NOSs has been
reported to occur with age which contributes to
alterations in NO signaling, and to the subsequent
failure of many of the body’s physiological processes
(Yang et al. 2004; Strosznajder et al. 2004; Yoon et al.
2010; Cau et al. 2012; Jung et al. 2012).

Supportive evidence for a role of NOSs in healthy
aging and lifespan extension has come from studies
with knockout models. It has been shown, for instance,
that in mice lacking all three NOS isoforms the
survival rate is reduced by 80 % (Tsutsui et al. 2009).
Moreover, a reduction in survival rate of about 50 %,
and an attenuation of caloric restriction-induced life
extension has been observed in nos3 knockout mice
(Dere et al. 2002; Nisoli et al. 2005).

Given this background, the present paper addresses
the hypothesis that NOS genetic variants affect human
aging and longevity. We analyzed common and
potentially functional NOS SNPs in a sample group
of 763 individuals from the south of Italy ranging from
19 to 107 years of age. Moreover, since the increase
with age in ROS/RNS-mediated stress is accompanied
by the deterioration of cognitive and physical abilities,
which is one of the most important components of the
quality of life in the elderly that adversely affects
successful aging and longevity, we also explored the
impact of NOSs variability on cognitive and physical
performances. In this case, subjects aged 65-91 years,
that is the age range where a significant increase of
overall impairments occur, were analyzed.

Materials and methods
Sample

The sample analyzed in the present study included 763
(417 females and 346 males) 19-107 years old
subjects (median age 81 years). All subjects were
born in Calabria (southern Italy) and their parents and
grandparents were native of the same area.
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The sample was collected during several campaigns
of recruitment (De Rango et al. 2011). Subjects older
than 65 years went through a multidimensional geri-
atric assessment carried out by a geriatrician. In
addition, each of these subjects was submitted to a
home based interview by a trained operator, with the
administration of a structured questionnaire for the
collection of socio-demographic information, evalua-
tion of physical, cognitive, depressive status, sensory
deficits, medications, and self-reported health status.
Subjects with dementia and/or neurologic disorders
were not included. White blood cells (WBC) from
blood buffy coats were used as source of DNA.

The analyses were carried out by dividing the
sample into two sex- and age-specific classes obtained
according to the survival functions of the Italian
population from 1890 onward (Passarino et al. 2006).
In particular, the graphs of the second derivative of
these survival functions indicated that at 88 years for
males and 91 for females a significant change in the
slope of these functions occurs. We used these two age
and sex-specific cut-offs to categorize the sample into
rationally defined “thresholds of longevity”. For this
reason in the present study men younger than 88 and
women younger than 91 years will be defined as
controls (N = 442), while men older than 88 and
women older than 91 years will be defined as cases
(N = 321).

Ethics statement

All the subjects gave their written informed consent to
use their anonymous genetic and phenotypic data for
genetic studies on aging and longevity. The recruit-
ment campaigns received the approval of the Ethical
committee of the University of Calabria.

SNPs selection

Polymorphisms within the NOS genes were selected
from literature data, and using information from public
databases (http://www.ncbi.nih.gov/, http://www.hap
map.org/). The a priori selection was based on the
following criteria: minor allele frequency (MAF)
>10 % in Caucasians, putative functional significance
(non-synonymous SNPs, SNPs located in the 5'- and
3’-UTR regions), SNPs previously investigated in
association studies. For each gene the selected SNPs
are reported in Table 1.

Table 1 Polymorphisms within the NOS genes analysed in the
present study

Gene dbSNP ID  Allele Physical ~ Function
symbol (major/ location annotation
minor)

NOSI rs1879417  T/C Promoter

rs2682826  C/T 3'UTR
NOS2 1510459953 G/C 5'UTR

rs2297518  G/A Exon 16  Ser608Leu
NOS3 1510277237 G/A Promoter

rs1799983  G/T Exon 7 Asp298Glu

Geriatric assessment

The variability of genes that we tested for association
with longevity was also investigated in relation to
accepted biomarkers of the aging process that evaluate
physical, cognitive, and psychological status in the
elderly population. To this purpose a subgroup of the
control sample whose subjects underwent a geriatric
assessment (subjects 65-91 years of age) was further
analyzed (N = 317).

Functional activity

The management of activities of daily living (bathing,
dressing, toileting, transfer from bed to chair and
feeding) was assessed using a modification of the Katz’
Index of ADL (Katz et al. 1970). The assessment was
based on what the subject was able to do at the time of
the visit. The score is given counting the number of
activities in which the participant is dependent or
independent at the time of the visit. In our analyses ADL
scores were dichotomized as one if the subject was not
independent in all five items and zero otherwise.

Physical performance

Hand grip (HG) strength was measured by using a
handheld dynamometer (SMEDLEY’s dynamometer
TTM) while the subject was sitting with the arm close
to his/her body. The test was repeated three times with
the stronger hand. The maximum of these values was
used in the analyses. Since HG strength is affected by
age, sex and height, the scores were corrected for these
factors. When a test was not carried out, it was
specified if it was due to physical disabilities or
because the subject refused to participate.
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Depression

The Geriatric Depression Scale (GDS) is an instru-
ment designed to measure depression in the elderly
consisting of a series of yes/no questions in reference
to how they felt on the day of administration (Sheikh
and Yesavage 1986). A score above five is suggestive
of moderate depression, while a score above ten is
suggestive of severe depression. In our analyses GDS
scores were dichotomized as one if the subject showed
depression symptoms (GDS > 5) and zero otherwise.

Cognitive performance

Mini mental state examination (MMSE) test was used
to evaluate the cognitive performance in the analysed
sample. It is a 30-item questionnaire that assesses
orientation, episodic memory, attention, language, and
construction functions (Folstein et al. 1975). Since the
test is affected by age and educational status, the
MMSE scores were normalized for these variables
according to a standardized procedure (Grigoletto
et al. 1999). In our analyses MMSE scores were
dichotomized as 1 if the subject showed a normal
cognitive function (MMSE > 23) and zero otherwise.

Statistical analyses

For each polymorphism of the NOS genes, allele
frequencies were estimated by counting genes from
the observed genotypes. The Hardy—Weinberg equi-
librium (HWE) was tested using the exact test
proposed by Wigginton et al. (2005). Standard errors
for alleles were computed according to the hypothesis
of the multinomial distribution. Pairwise measures of
linkage disequilibrium (LD) between the analyzed loci
were calculated with the Haploview 4.2 (Barrett et al.
2005). The amount of LD was quantified by Lewon-
tin’s coefficient (D').

Single-locus analysis

In order to test the association between the analysed
phenotypes and the variability of the NOS genes the
RobustSNP algorithm (a robust association test suit-
able for both quantitative and binary traits which also
takes into account covariates) recently proposed by So
and Sham (2011) was adopted. This test was based on
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the score test and has been implemented in the R
package RobustSNP.

In the present study the RobustSNP algorithm will be
applied to estimate how the variability of genes analyzed
in the present study influences (i) the predisposition to
human longevity (ii) the variability of functional
parameters including cognitive function, functional
performance and depression status. In particular, in the
regression models used to test the association between
the variability of analyzed genes and the human
longevity, the variable sex was used as covariate In the
association analyses involving the functional parame-
ters, covariate adjustment included sex, age and height
when HG scores were analyzed, only age and sex when
disability and depression status were investigated. As
mentioned before MMSE scores were normalized for
age and educational status according to a standardized
procedure reported in Grigoletto et al. (1999).

Interaction analysis

In order to explore the interaction effects between the
analyzed polymorphisms on the analyzed phenotypes
(longevity and functional parameters), the recently
developed Model-based multifactor dimensionality
reduction (MB-MDR) algorithm will be applied (Calle
et al. 2010).

Results
Genetic analyses

Table 2 summarizes the main characteristics of the
analyzed sample stratified by age-group as previously
defined. The age distributions in males and females are
reported in supplementary Fig. 1.

Supplementary Table 1 shows the genotype fre-
quencies in cases and controls. All SNPs followed the
HWE in the control group (p > 0.05). No linkage
disequilibrium was detected at any of the loci.

NOS gene polymorphisms and longevity
Different genetic models (dominant, additive and

recessive) were used to test association, using for each
SNP the minor allele as reference. Table 3 shows
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Table 2 Socio-demographic characteristics and functional
parameters (ADL, HG, GDS and MMSE) in the total sample
and stratified for group membership

Controls Cases Total
(N =442)" (N=321)" (N =1763)
Age
Mean (SD) 64.9 (18.1) 96.2 (3.3) 78.2 (20.8)
Range 19-91 89-107 19-107
Body mass index (BMI)
Mean (SD) 27.1 (4.3) 233 (4.1) 25.1 (4.6)
Range 15.01-45.35 12.98-40.55 12.98-45.35
Hand grip strength”
Mean (SD) 22.24 (9.40) 12.67 (6.47) 16.99 (9.24)
Range 4.00-55.00  0.00-42.0 0.00-55.00
Activities of daily living (ADL)® [n (%)]
Disable (<5) 55 (17.4) 220 (68.5) 275 (43.1)
Non disable (=5) 262 (82.6) 101 (31.5) 363 (56.9)
Geriatric Depression Scale (GDS)® [n (%)]
Depressed (>5) 107 (33.8) 74 (23.1) 181 (28.4)
Non depressed (<5) 210 (66.2) 247 (76.9) 457 (71.6)

Mini mental state examination (MMSE)® [n (%)]
Normal (>23) 202 (66.66) —
Impaired (<23) 101 (33.33)

ADL scores were dichotomized as one if the subject was not
independent in all 5 items and O otherwise. GDS scores were
dichotomized as 1 if the subject showed depression symptoms
(GDS > 5) and 0 otherwise (see “Materials and Methods”)

? Men younger than 88 and women younger than 91 years will be
defined as controls. Men older than 88 and women older than
91 years will be defined as cases

® Data available only for subjects older than 65 years

¢ Data available only for subjects belonging to the control group
older than 65 years

results obtained using the RobustSNP algorithm. After
adjusting for sex, we found that NOSI rs1879417 and
NOS2 rs2297518 were significantly associated with
the longevity phenotype. The additive model for
rs1879417 and the recessive one for rs2297518
resulted to be the most likely genetic models, in
which the presence of the relevant alleles (allele C
for rs1879417 and allele A for rs2297518 varia-
tion) decreases the probability to attain longevity
(PModet = 0.008 and pujoger = 0.031, respectively).
After adjusting for multiple testing (due to the three
different tested genetic models), the NOSI rs1879417
remained statistically ~significant (pag; = 0.018),

while NOS2 152297518 remained only marginally
associated with longevity (paqj = 0.066).

NOS gene polymorphisms and functional
parameters

Subjects 65-91 years of age (N = 317) were further
analyzed for examining the association between the
variability of NOS genes and physical (HG and ADL)
and cognitive (MMSE and GDS) abilities. Table 4
reports the results of the association tests for the three
genetic models using the minor allele for each SNP as
reference, and after adjusting for the appropriate
parameters (see “Materials and Methods”).

The NOSI 151879417 was found significantly
associated with cognitive performance in an additive
manner (Pyodel = 0.045) with subjects carrying the
less frequent C allele showing lowest MMSE scores.
However, after adjustment for multiple comparisons
this association failed to reach statistical significance
(pagj = 0.093). In addition, we found that NOSI
152682826 variation significantly influenced the GDS
performance (pPyoger = 0.015). Subjects with at least
one T allele (less frequent allele) showed a significant
higher probability to have depression symptoms than
subjects homozygous for the allele G (dominant
model). After adjustment for multiple comparisons
this association remained statistically significant
(pAdj = 0033)

A borderline association was observed between
NOS2 152297518 and HG scores (Pyoder = 0.049),
with subjects homozygous for the less frequent allele
A showing higher HG scores than those carrying at
least one copy of the wild type G allele.

Finally, a significant association was found
between NOS3 rs10277237 and ADL performance
(Pmoder = 0.002) with subjects homozygous for the
minor allele A (recessive model) showing significantly
lower probability to be disable than those carrying at
least one G allele. After adjustment for multiple
comparisons this association remained statistically
significant (pag; = 0.004).

Interaction analysis
By using the MB-MDR approach, we did not find any

significant interaction effect among the NOS gene
polymorphisms and the analysed phenotypes.

@ Springer
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Table 3 Results of the RobustSNP association test with the longevity phenotype in the analyzed sample

SNP Gene MAF z-score PModel Model PAdj

rs1879417 NOS1 49.0 —2.659 0.008 Additive 0.018
rs2682826 37.0 0.919 0.358 Recessive 0.589
rs10459953 NOS2 29.5 —-1.022 0.307 Additive 0.522
rs2297518 25.3 —2.163 0.031 Recessive 0.066
rs10277237 NOS3 29.0 —0.574 0.566 Dominant 0.805
r$1799983 325 0.743 0.457 Dominant 0.703

Model refers to the most likely genetic model among the dominant (DOM), recessive (REC) and additive (ADD) ones. pyoqer refers to
the p value for the most likely genetic model. pag; refers to the p value adjusted for multiple comparisons (due to the three different
tested genetic models). z-score represents the z-statistics for the regression analyses

MAF minor allele frequency

Discussion

Nitrosative stress is now widely recognized as a
significant causal factor in the physiological decline
that characterizes the aging process in many tissues.
Age-related alterations in nitric oxide synthase activ-
ity and/or expression and the consequent alterations in
NO production and bioactivity are likely to contribute
to this decline.

In the present study, we provide evidence that the
variability of NOS genes affects common age related
phenotypes and longevity. We found an association
between NOSI-1s1879417 (Pmoder = 0.008; pagj =
0.018) and NOS2-rs2297518 (Pmodet = 0.031; pagj =
0.066) and longevity, indicating that variation in these
genes may influence human aging and lifespan.

The analysis of a subgroup of subjects in the age
range 65-91 years showed that the same variants were
also weakly associated with geriatric parameters that
are predictors of the age related physiological decline.
In particular, the NOSI rs1879417-C allele, that we
found associated with a lower probability of survival to
very old age, was also associated with lower cognitive
performance (MMSE score < 23). This association is
in line with several evidences. First, it is well
established that the glutamate-NO-cGMP pathway
plays a role in learning and memory processes and
cognitive performance during aging (Domek-
Lopacinska and Strosznajder 2010; Paul and Ekamba-
ram 2011). Second, recent studies indicate that nos/
knockout mice have impaired cognitive functions
(Kirchner et al. 2004; Weitzdoerfer et al. 2004;
Zoubovsky et al. 2011). Third, changes in the expres-
sion and/or activity of NOSI have been observed in
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different cognitive brain areas of aged rats and
senescence accelerated mice (SAM), a murine model
of age-related cognitive impairment and deterioration
of learning and memory (Law et al. 2002; Colas et al.
2006; Han et al. 2010). It is also of interest that the
rs1879417 is located in the promoter region of NOSI,
upstream of a fairly complex transcriptional regulatory
region (Bros et al. 2006). Polymorphisms in this
region, which affect gene expression and neuronal
transcriptome, have been associated with neurological
disorders such as schizophrenia and Alzheimer’s
disease (Reif et al. 2011a, b). Based on this, it is
conceivable that the association observed might reflect
the linkage disequilibrium between the rs1879417 and
these functional variants.

As for NOS2 gene, we also found that the
152297518 has a modest impact on HG strength, one
of the most effective death predictor in the elderly.

This finding is consistent with researches reporting
that the NOS2/NO/ONOO- overproduction induced
by TNFa via NF-xB may be one of the underlying
causes of sarcopenia (Hall et al. 2011). Our finding
that the rs2297518-A allele, which reduces the chance
of survival to very old age, is associated with higher
HG scores seems somehow in contrast with the idea
that higher HG strength is predictive of increased
survival in the elderly population. This result is just
weakly significant, and certainly needs to be verified.
On the other hand it may reflect pleiotropic contrasting
effects and functions of the iNOS NO in different cell
types In this view, it can be hypothesized that the
possible harmful effect exerted by the rs2297518-A
allele in some cell-types (for instance a low NO
production in macrophages) is more relevant for
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Table 4 Results of the RobustSNP association test with the functional parameters (ADL, HG, GDS and MMSE) in the subjects belonging to the control group older than 65 years

(N = 317)

MMSE

GDS

HG

ADL

SNP

PModet Model  pagj

Model  pagj Z-SCOTE  Pmodet Model  pagj Z-SCOTE  Pmodet  Model  pagj z-score

PModel

zZ-score

0.045 ADD 0.094

—2.004
—0.561

0.822
0. 033
0.569
0.122
0.165
0.342

ADD

0.579
0.015

0.339  0.555

REC
REC
REC
REC
REC
REC

0.189
0.505
0.097

1.313
0.667
1.658
1.968
0.633

0.622
0.444

NOSI —0.866 0.386 DOM
0.997

rs1879417
1$2682826
rs10459953
rs2297518

0.816

DOM
ADD
REC

0.575

2.438 DOM
REC

0.757

0.251 DOM
REC

1.148
—0.064

0.303
0.201

0.161

1.401

0.342
0.059

0.197  0.950
0.100

0.769
0.608

0.949

NOS2

1.640  0.101

DOM

1.891
1.732
1.324

0.049

0.858

ADD
REC
REC

0.496  0.620
—3.135

0.678

DOM

0.774  0.439
0.571

DOM
REC

0.002 0.004 0.526 0.083
0.370

NOS3

rs10277237
rs1799983

DOM  0.810

0.568

0.185

0.897

0.592

0.363

0.909

Model refers to the most likely genetic model among the dominant (DOM), recessive (REC) and additive (ADD) ones. pyodel refers to the p value for the most likely genetic

model. pag; refers to the p value adjusted for multiple comparisons (due to the three different tested genetic models). z-score represents the z-statistics for the regression analyses

survival than its beneficial effect in other cell-types
(i.e. low production of RNS in muscle cells).

For two of the six variants analyzed we found
association with geriatric conditions but not with
longevity. Specifically the SNP 152682826 in
the NOS1 gene and the SNP rs10277237 in the NOS3
gene were respectively associated with GDS
(PModel = 0.015; pagj = 0.033) and Activity of Daily
Living (Pmodet = 0.002; pagj = 0.004), two of the main
factors affecting quality of life in older individuals.
Depression is a complex disorder where, inflammation,
oxidative/nitrosative stress, and reduced hippocampal
neurogenesis make a substantial contribution (Maes
et al. 2009). It has been found that NOS1-derived NO
negatively affects neurogenesis and that the over-
expression of NOSI in the hippocampus following
chronic mild stress exposure suppresses hippocampal
neurogenesis and induces depression (Zhou et al. 2007).
We found that carriers of the minor rs2682826-T allele
have a higher probability to be depressed. In line with
our observation, the rs2682826-T allele has been found
to be a susceptibility factor for recurrent depressive
disorder, and for traits where depression is a co-
morbidity factor such as Parkinson disease (Gatecki
et al. 2011; Hancock et al. 2008). The rs2682826 is
located in the 3'UTR of exon 29, downstream from the
translation termination site of the NOSI (C276T).
Differences in protein production elicited by this
variation, that lies close to several miRNAs binding
sites (Ibarrola-Villava et al. 2011) could be at the basis
of the observed association.

Another interesting finding of our study was the
association between the NOS3 rs10277237 and ADL
scores. Subjects homozygous for the rs10277237-A
allele had significantly better ADL performance
compared with subjects with the other two genotypes.
The inability of older adults to perform basic self care
independently is a consequence of a decline in
physiological functions of multiple tissues. A contrib-
utor to this general decay is likely to be the reduction
in endothelial cell function caused by the age-related
impairment in the release of NO by NOS3. Indeed, this
has the effect of reducing blood flow to all tissues in
the body and thus the availability of nutrients for
energy needs. Age-related changes in energy pro-
duction and fuel utilization via mitochondrial dys-
function may also contribute to the decline in physical
performance and disability among older adults. To
this regard, evidence in literature indicate that NO
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generation by NOS3 is required for mitochondrial
biogenesis and function. In fact, nos3~’~ mice have
fewer mitochondria, and lower B-oxidative activity
and energy expenditure than wild-type controls (Nisoli
et al. 2003; Le Gouill et al. 2007). In this context, it is
also worth noting that recent studies have reported the
existence of a mitochondrial NOS (mtNOS) isoform
that seems to be both constitutive, mainly a post-
translational isoform of NOS1, and inducible (Elfering
et al. 2000; Lopez et al. 2006; Finocchietto et al.
2009). Because of its action on complex I and IV, NO
in mitochondria may have important effects on
oxidative phosphorylation and ROS/RNS production
(Finocchietto et al. 2009). These effects may be
amplified in a pro-oxidant environment like in the case
of aged individuals, with consequences particularly in
tissues such as brain and skeletal muscle which are
highly dependent on mitochondrial function.

In conclusion, it is worth mentioning that the
causative genetic variations in LD with the studied
SNPs remain to be identified and that the associations
between NOS alleles and aging phenotypes we
observed, in most cases would not hold after Bonfer-
roni correction for multiple comparisons, indicating
that it will be useful to replicate this study. On the other
hand, this study availed of a population (Calabria,
Southern Italy) which is characterized by high genetic
homogeneity and a scarce level of immigration due to
geographical, historical and social reasons. Conse-
quently itis likely we avoided false positive results due
to population stratification. On the other hand, it is also
important to underline that all the results were in line
with previous data and in particular with data from
model organisms. This allows us to consider NOS
genes to have an important role on the age related
homeostatic and physiological decline which is
at the basis of most of the age related phenotypes
and longevity (Fried et al. 2001; Montesanto et al.
2010).
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